
—

‘1,
b“ ‘w

78L’EcI
#NATIONAL ADVISORY co AliTTEEFOR AERONAUTICS

WAlrmm lWBORT
ORIGINALLY ISSUED
September 1942 aa

Confidential Bulletin

SOME IJJYL’AND DRAG ~OFAREFRISINMTIVE

BOMBER NACELLE ON A U3W-DRAG WING - II

By Maoon C. EIJis, Jr.

Iangley Memorial Aeronautical Laboratory
Iamgley Field, Va.

NACA WARTIME REPORTS are reprints of papers origin.aUy issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now tmclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L-696



.— . —.

! Imlllinlmuiilllllll~
31176014035=3 i --——

NATIONAL ADVISORY CON3419TEE 3’OR A3ROHAUTICS “

CO19~IDEHTIAZ 3ULLETIi9
.t

. .. . . .- . . . ... ..— , -. ..-. . . . . . . .. ‘ ‘---”-- - ., ..,,. . ..-.
.,

SOME LIEi A191)DEAt3 lUIAS&KEHTS 03’A 3EP~SElTTATIVJ9 .
. .

BCJMBl!lR.l?LOELLEOH A LOW-DR&GWI19G L~II. . ‘“” - . :.
.. .

. . B~ Macon O. Ellfe, Jr. .
,...

.. .

.“

sum-my . .
.,.- ...

Tests of a second r.~preeentative bomber nacelle on a “
low-drag ving at a large vaiue of the Reynolds number w~re .
made in the lSA.CAtwo-dlmeneloaal low-turbulence preseure
tunnel . Reeults a50v t%e d-qg and Lntgrference of the
nacelle on ths low-dra~ wing to be small.

Tests in tLe i$.4CAtwo-dimensional l’ow-turbulence
preeu~re tunnel of a representative bomber nacelle on a
moderately thick low-drag wing kave been repor+ed in re3-
erence 1. The teete of thie first nacello show the drag
and Interference to be small.

The %este reported herein ~ra of another nacelle
mounted on the same wing as reported in referance 1 and
represent a continuation of the prognam of teste of 8ever-
al typical manufaoturersl ne.cellee mounted on low-drag
wings, Thie program doee not contemplate com~lete teets.
of the various nacelle combination. It is hoped that the .
reeulte w1ll be of efficient value, however, to warsant
more tk.orough Inveetlgationia of proposed military appllca- .
tionta.. “

.“
APPARATUS

The te~~e wore conducted in the lSACA two-dimensional
low-turbulence preseure tunnel, which hae a~ air etre~m
of very low turbulence and which mermlte the attainment of
large ;alues of

!WK9- The

the Reynolds riumb;r.

model nacelle wae mounted on an EACA
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66,2=216, a = 0.6, airfoil seotion having a chord of 15
inches and a span of 3 feet (tunnel tedt-seotien width).
The wtng.was set at an ang~e of incidenoe to the thrust
line of the nacelle of 1/2 .

Nacelle.- %he model tested wae a ~oale model of the
Vega Ventura twin-engine bonber nacelle and was built by
the Vega Airplane Company. The nacelle as received wam ~
filled, faired, and painted; it wa”s finished for the tests
by sanding with Ho. 400 Carborundum paper. This finish
gave .a surface that was Intended to be aorodynamlcally
smooth, that is, further smoothing would result in no de-
orease in drag. Three conditions of the nacelle model
mounted on the test wing are shown in figure 1. It can be
seen In figur@ 2 that the nacelle has a short afterbody
which terminates at the trailing edge of the wing.

Internal -nlr flow .- Carburetor air taken in through
the ecoop at the top of the cowl was E)XkU6ted through
the stack, which can be seen In flguree l(a) and 2(a).
Oil-cooler air was taken In through the scoop at tno bot-
tom of the cowl and exhausted through two side exits on
the bottom portion of the afterhody (fig. 2(a)). I’or the
model In its original condition, engine cooliqg air was ‘
exhausted through an annular exit Interrupted only by tha
o~rburotor-sooop falring Bnd the oil-ooolor duct entrance.
Both.of the other conditions “of the model left this annu-
lar engine-ooollng-air exit broken only by tho oll-oooler
duct entrance (fig. l(b)) or by the afterbody fr.iring at
the ~ame point (fig. 2(b)).

The entranoe’aad exit a“roas of the model were fixed
md the engine pressure drop wae simulated by ineans:of a
perforated plate. This plate was designed for a pr~esure
drop through tho engine of Ap = 12 inches of wntor. for
full-throttle operation at 350 miles per hour at an alti-
tude of 25,000 feet. Tho pressure-drop ratio ”frofi”theso
assumed values ie than Ap/qo = 0.45 whore q. i“s the

free-stream dynamic prossuro. .The pressure-drop ratio
assumed for tho oil coolor was API% = 0.34. .Intornal-

flow measuromonts and corresponding drag ificrements for
tho tests are given in table I with th’e use of the follow-
ing symbols:

Ae model exit area, square inches “

‘e/vo rntlo of exit velootty to freo-Otro~m velocity
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&YigJ~ ratio of total-pressure10ss at exit ta free-stream

-.9%%! F8-. ..,-. .’. ...-.-.,. -.

%
Coeffloient of drag due to illtemal 10ss

x c% ooeffiolent of total drag aud Interference

ooefficlent of aztemsl drag aud I.nterfemmce

(xc% - %)

Values of the drag co&iclent C% are.based on the mxlel ~tal

qrea,.24.90 square inoha.

!12!9TKlHHO113L

Drag w3surememt8 were obtained fmm wake surve~e at a series
.of spanwime Gtations. Points were taken far enough outside the naoeld.e
tisturbeaoe to establish the section drag of the wing. The Integral,
against spemwlse location, of the curve of section profile-drag
coefficlent (fig. 3) in excess of the section drag of the wing c%

uae then taken as the total drag and interference of the naoelle.
Internsl-l?hg mmlll%mal ts were m%ls by mdclng total-head and statlc-
presmzre measurelmmts in the exits. The method for ced.oulatlngthe
drei&dnp to intmnal. losses is @van In reference 2. The externsl drag
ad inLetierenceis then the total drag and Interference minus *O -S
due to Internal.losses.

All lift and drag’sectlan coefficients em based on the wing chord
of 15 Inches. All tests reported herein were run at a wing Reynolti
.nuniber~ of 6.5 million. Angles of attaok shown me those of

the Wing q.

. .

RESULTS Am MSCUSSIOIV

Values of Cm for the naoelle in three test ccuIdltionsare @van

In figure 4 end correspon~ drag Increments ACq due to internd-

ldsms are glmn in table-1. ThY wal.ueof thb external-drag coefficient .
““for the naoelle in its original oomljtion is Cm E 0.084. The removal of

*At the time this report was originally published, some of the
oorreotions required for rednclng the test data to free-air conditions
had not bem deti-d. !Ihevalues of section llft coefficient Cl

(f16. 5) should be corrected by the followlng equation .

.

Cz(oormeoted)= 0996502 + 0+)06 “

--- .. .—— .. —- ----.——
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the carburetor sooop and exhaust etaok reduoed this value
to CDm = 00066, a reduction of about 21 peroent. hr.

ther reduotion In drag resulted from removing the oil-
cooler sooop and falring in this portion of the afterbody
(fig. 2(b)). The vnlue CDE = 0.057 for the nacelle in

this smooth aondition is a total reduotion of.32 peraent
from the original condition. This value of the external- g
drag coefficient for the nacelle in the smooth oondition
can be socn to be higher than that for tho nacelle report-
ed in reference 1. However, these values do not represent
true drag diffaroncos becnuso valuea for the nat?elle teet-
od herein are based on a smaller frontal area.

!l!headveree pressure gradient over a naoelle after-
body is superimposed on the adverse gradient of the wing
if the n=cello is terminated at or near the trailing edge “
of the wing. The %ezultlng pressure “gradient will be more .
severe tha~ for either wiug or nacelle alone. The fact
that the nacelle reported Iiereln has an afterbody terminat-
ing at the traillng edge of the wiag may make theso pres-
sure gradients steep~r than t~e optimum.

In regard to the large drag increments of the scoops,
clean-up investigations made at the Laboratory have shown
that excessive dreg ir.‘roments commonly result from the “
aaditiOn of protrual~g SCOOPS. In other words, the re-
sults of this lnvesti.~~tion ten~ further to oonflrm tke
conclusion that external scoops ,and appendages as means of
providing alr inlets and discharges should be avoiiied.

Figure 5 shows a lift comparison of the wing alone and .
tho wing with the nacelle in the original oondition and in
tho smooth condition. It can be seen from this comparison
that the slopes of tko liflt curves are essentially the sauo
but that the addition of the naccllo has rosultod In a
small loss In lift at a given angle of attack. Such a 10SS

of lift, If largo and looalised near tho nacel~e, could
leaa to lift disturbances wkich would result in an increase
in induced drag. Incid~r.z~l.ly, a conparleori of tho lift
curvo of the, wing alono with the corresponding curvo glvan
in reference 1 shows that the curve given heroin has been
reduced by ~n Increment of c1 = 0.34. ~hla re~uction is
due to chocks on tho llft neasuromonts made throughout
theso tests, which removed a large part of the error me~-
tionsd inreforonce i.
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Pressur.e-&i~tribut ion measurements over the top of
the cowl An the smooth oonditton for a range of angles of.. .. ..
attack ar”o prti”sented tii-fLguro-6; l~-tern-s--crf--theprossura
coefficient 6 defined as

where

H free-stream total pressure

P 100al static pressuae

~rom the “magnitude of tho peak pressure at tho design an-
gle of attack, the orltical Ma& number of the cowl seems
reasonably high.

It may be conoluded that; aftar the appendages are
removed, a reasonably low drag amd interference is ob-
tained for %oth this nacello and the nacelle on the samo
low-drag wing, roportsd In reference 1.

Langley Memorial Aeronautical Laboratory,
National A&visor~ Coamittae for Aoronfiutics,

Lengloy field, Va.
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IHTEHHM-I%OW ~S MD DRAG E?CEEM3HTS

Ae ve/vo A He/~ A% ..

Model .
. &c~ am -condition

(a) (h) (c) (a) (b) (c) (a) (b) (c) (a) (b) (c)

Griginel +l.lzg 0.16 i 0.40 0.66 0.63 0.66 0.51 0.59 O.gl. 0.020 0.003 0.01.2 0.119 c).od+

Carburetor I I
SCOOP and

1061 .16 ---

.1

“1
exhaust .70 ,63 --- .51 #59 -:- .027 .003 --- .og6 .066
stack
removed

Smooii 1-61 --- -— .70 --- –- .51 –- -- ..027 -– -– ,0134 .057

. . —

m

aEn@ne-cooling-air exit.
. .

bOil-cooler-airexit.

%heust-stack-air exit.

. .
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(A) MODEL WITH CARBURETOR SCOOP, OIL-COOLER SCOOP,

AND EXHAUST STACKO (ORIGINAL CONDITION)

(B) MODEL WITH CARBURETOR SCOOP AND EXHAUST STACK

REMOVED*

(c) MODEL WITH CARBURETOR SCOOP, OIL-COOLER SCOOPS

AND EXHAUST STACK REM~VEO. (SMOOTH CONDITION)

FIGURE l.- FRONT VIEW of NACELLE MOOEL ON LOW-DRAG

WING SHOWING TEST CONFIGURATIONSO



I?ACA Fige 2

(A) li’io13EL WITH CARBURETOR scoop, OIL-COOLER SCOOP,

AND EXHAUST STACK.

(B) ~oDEL wlTH CARBURETOR SCOOP, OIL-CUULER SCOOP,

AND EXHAUST STACK REMOVED.

FIGURE 20- THREE-QUARTER VIEW OF UNDER SIDE OF NACELLE

MODEL ON LOW-DRAG WINGO

I
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Figure .3.- Typical spanwise drag plot. Nacelle in smooth
condition; Rw, 6.5 x 106.
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Pigure 4.- Nacelle external-drag coefficients.
~, 6.5x 106.
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Wing alone

Figure 5.- Lift comparison of wing with and without nacelle. q, 6.5 x 10”.
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